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a  b  s  t  r  a  c  t
Above-average  climate  warming  occurred  during  the  20th  century  in  high  altitude  regions,  and  alpine
treelines  are  believed  to be  an  early  indicator  to respond  to these  warming-related  changes.  However,
empirical  investigations  on treeline  dynamics  showed  diverse  results.  The  main  objectives  of  this  study
are:  (1)  to  investigate  if treeline  position  shifted  and  if tree  recruitment  changed  along  with  climate
warming,  and  (2) to  test  if  adult  trees  have  “nursing  effect”  on  tree  establishment  at  treelines.  We inves-
tigated  two Balfour  spruce  (Picea  balfouriana  Rehd.  et Wils.)  treelines  in  Chang  Niang  (CNT)  and  Dang
Dui  (DDT),  Dingqing  county,  Changdu  prefecture,  eastern  Tibet.  At each  treeline  site,  three  replicate  plots
with a size  30  m  × 50 m  were  established.  The coordinates  of each  tree  within  the  plots  were  recorded  and
the age of each  tree  was  identiﬁed  by dendrochronological  method.  The  changes  in treeline  position  and
tree  recruitment  were  examined  from  spatially  ﬁne-scale  distribution  of  trees  and  their  age  structure.
The spatial  patterns  of individual  trees  were  analyzed  to infer  the  neighborhood  effects.  Results  indicate
that  plots  CNT2,  CNT3,  DDT1  and  DDT2  showed  stable  treeline  position  during  the last  century,  whereas
plots  CNT1  and  DDT3  showed  treeline  advancing  movement.  Tree  recruitments  in  all  the  six  plots  were
enhanced  during  the  20th  century,  with  two  peaks  occurring  in  the  1890–1910s  and  the  1950–1990s.
Seedlings and  saplings  showed  a general  clustered  distribution  in  all the six  plots.  The  diverse  pattern
of  treeline  movement  and  episodic  regeneration  suggest  that  the  treeline  activity  is not  merely  a  result
of  climate  change.  “Nursing  effects”  from  adult  trees  may  play  an important  role  in shaping  the treeline
activities  on  the  eastern  Tibetan  Plateau.  Our  ﬁndings  reveal  diverse  patterns  in treeline  dynamics  at
a  local scale  and  highlight  the importance  of  incorporating  biotic  interactions  into  species  distribution
modeling  approaches.
©  2016  The  Authors.  Published  by  Elsevier  Ltd. This  is an  open  access  article  under  the CC  BY-NC-ND. Introduction
Global temperatures have increased during the last century
Houghton et al., 2001; IPCC, 2013; Rohde et al., 2013), especially
n the Alpine areas (Diaz and Bradley, 1997; Liu et al., 2009). The
lobal warming has caused changes in various aspects of mountain
egetation (Gottfried et al., 2012; Tingley and Beissinger, 2009;
ilson et al., 2005), including shifts in their range of distributionBrusca et al., 2013; Grytnes et al., 2014; Hagedorn et al., 2014;
arsch et al., 2009; Kullman, 2002; Vitasse et al., 2012). The
lpine treeline is one of the most striking natural boundaries,
Abbreviations: CNT, Chang Niang Treeline; DDT, Dang Dui Treeline; SPPA, spatial
oint  pattern analysis.
∗ Corresponding author. Tel.: +86 10 62836957; fax: +86 10 82596146.
E-mail address: qbzhang@ibcas.ac.cn (Q.-B. Zhang).
ttp://dx.doi.org/10.1016/j.ecolind.2016.01.041
470-160X/© 2016 The Authors. Published by Elsevier Ltd. This is an open access article 
/).license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
generally believed to be inﬂuenced by the temperature during the
growing season (Körner, 1998; Kullman, 2001; Panigrahy et al.,
2010; Tranquillini, 1979), as well as length of the vegetation season
(Li et al., 2008) and/or winter injury (Tranquillini, 1979). Many stud-
ies indicate that global warming has caused upslope shifting of the
treeline through enhanced seed production, seedling emergence
and survival (Danby and Hik, 2007; Harsch et al., 2009; Kullman,
2002; Kullman and Oberg, 2009; Singh et al., 2012). However,
other studies have reported that treeline position has remained
persistent regardless of the accelerated regional warming during
the last century (Green, 2009; Harsch et al., 2012; Liang et al., 2011).
Variability in treeline response to climate warming is likely
to result from multiple forcings and processes, including not
only changing climatic conditions but also biological interactions
(Holtmeier and Broll, 2007; Mamet  and Kershaw, 2013; Weigl
and Knowles, 2014). Interactions among plants play a role in
regulating the regeneration and range expansion (Ettinger and
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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illeRisLambers, 2013; Zhang et al., 2015). “Nursing effect” hypoth-
sis predicts that existing trees or shrubs can serve as shelter to
rotect new seedlings, and thus promote treeline advances (Batllori
t al., 2009; Bekker, 2005). Establishment of new seedlings are
elated to their proximity to and abundance of parent trees (Batllori
t al., 2009; Caspersen and Saprunoff, 2005; Elliott, 2012; Kroiss and
illeRisLambers, 2014). Habitats sheltered by the adult trees may
ave higher soil moisture content or more stable temperature than
pen terrain (Körner, 2012). Converse to this hypothesis, competi-
ion among individual trees may  be detrimental to new seedlings
ue to limited resources (Germino and Smith, 1999; Körner, 2012;
hang et al., 2015). The biological interactions can confound the
limatic effects and make predictions of treeline dynamics chal-
enging (Holtmeier and Broll, 2007; Mamet  and Kershaw, 2013;
ang et al., 2015).
Alpine treelines on the Tibetan Plateau are among the highest
nes (c. 4500–4900 m a.s.l.) in the world (Miehe et al., 2007), yet
nly a few studies exist on the treeline dynamics in this region
ompared to those in Europe, North and South America. On the
ortheastern Tibetan Plateau, treelines formed by Qilian juniper
Juniperus przewalskii Kom.) has progressed upwards and the num-
er of trees below the treeline has increased after the Little Ice
ge, especially during the warm period of 1931–1970 CE (Fang
t al., 2009; Gou et al., 2012). On the southeastern Tibetan plateau,
he position of the treelines formed by Smith ﬁr (Abies georgei var.
mithii Viguie and Gaussen) has changed only little during the past
00 years but population density below the treeline has increased
Liang et al., 2011). In other parts of the Tibetan plateau, the history
f treeline activity and the forcing mechanisms behind it remains
argely unknown.
In this study, we collected data of spatially ﬁne-scale distri-
ution of trees in two treeline sites in Dingqing county, Changdu
refecture in Tibet to investigate the history of treeline position and
ree recruitment. The objectives of this study were (1) to investigate
f treeline position and tree recruitment has changed along with cli-
ate warming during the last century, and (2) to test if adult trees
ffer a nursing effect to enhance the establishment of young trees
t treelines.
. Materials and methods
.1. Study area
The two treeline sites under study are located in the upper
eaches of the Nu Jiang, where deep gorges run northwest and
outheast between towering ranges of mountains (Fig. 1). The
egion has a typical monsoon climate. According to the data
in period 1956–2010) at the nearest meteorological station in
ingqing (N 31◦25′, E 95◦36′, 3873 m a.s.l.), monthly mean tem-
eratures ranged from −6.4 ◦C in January to 12.3 ◦C in July, with
 mean annual temperature of 4.4 ◦C and a mean annual precip-
tation of 647 mm including 75% falling in the monsoon season
June–September).
The dominant tree species of the treeline forests is Balfour
pruce (Picea balfouriana Rehd. et Wils.). Its pollination occurs
etween April and May  and cones mature between September and
ctober of the next year. Balfour spruce forms pure stands or is
ixed with other conifers (e.g. Sabina tibetica Kom.) on the shady
r semi-shady slopes where the substrate is mainly brown for-
st soil (Xu, 2001). The studied treeline sites were pure Balfour
pruce stands and the shrub layer mainly included Lonicera japonica
uikazure, Cotoneaster spp, and Ribes xizangense L. T. Lu (Fig. 1). The
reelines should be considered as climatic treeline, prejudged by a
oughly equal elevation to treelines compared with counterparts
t surrounding summits in this region (∼4300–4500 m).tors 66 (2016) 251–258
2.2. Field survey and laboratory measurements
During the summer of 2010, we  investigated two  treeline sites.
One is Chang Niang Treeline (CNT) and the other is Dang Dui  Tree-
line (DDT), which is ∼30 km southeast of the CNT (Fig. 1). These
sites are free from human activities. In each treeline site, we estab-
lished three rectangular plots at least 40 m aside from each other
along the horizontal direction (Table 1). These plots were 30 m wide
(parallel to the slope contour) and reached 50 m down the slope.
The upper border of each plot was  positioned at the current tree-
line deﬁned as the upper limit of continuous forest with a canopy
coverage ≥20% and tree height ≥2 m (Kullman, 2001; Liang et al.,
2011).
In each plot, the locations of living and dead trees were recorded
and stem diameters at breast height (1.3 m)  were measured. For
each tree higher than 2 m,  one core was  extracted at breast height
in a direction parallel to the slope contour using an increment borer
(Table 1). For saplings (0.5 m ≤ tree height ≤ 2 m)  and seedlings
(tree height < 0.5 m),  the number of branch whorls was counted
to estimate their age. To obtain accurate age of the saplings and
seedlings, an average of 14 individuals (covering the heights of
samplings and seedlings) per plot were felled to collect disk sam-
ples at ground level. In addition, a stem disk was  taken at breast
height from the felled saplings to calculate the years required to
grow from ground level to breast height. In addition to the plots,
we sampled all the isolated trees, as well as seedlings and saplings,
above the treeline upper border until the uppermost individual tree
(tree height > 2 m), i.e. up to the tree limit (ranges from 30 to 140 m
in distance). The total number of adult trees within and above the
plots was  101 at CNT, and 95 at DDT, respectively. The number of
seedlings and saplings was  143 and 64 at CNT and DDT, respectively.
In the laboratory, the cores and disks were air-dried and surface-
sanded. The ring-widths were then measured with a resolution of
0.001 mm  using Lintab-5 tree-ring measurement equipment (Rin-
nTech, Heidelberg, Germany). The ring-width measurements were
crossdated by visual examination of the wood samples, graphical
comparison of the ring-width measurements, and statistical check-
ing of the ring-width series (Stokes and Smiley, 1968).
The age of adult trees (tree height > 2 m)  was obtained by count-
ing the number of rings in the crossdated samples. If the innermost
ring of a core did not reach but was very close to the pith, the
number of missed rings was  added as judged by the curvature and
widths of the innermost rings (Duncan, 1989). The true age of the
tree was  adjusted by adding the years needed to grow from the
ground to the breast height. This adjusted age was obtained by cal-
culating the number of rings in the discs taken at the ground level
and at breast height. For the seedlings and saplings, tree ages were
counted on the basis of branch whorls or directly from the number
of rings in discs.
In each plot, we  also collected topsoil samples (0–20 cm in
depth) from randomly selected and relatively bare spots, includ-
ing three samples within the plot and three samples above the
plot (below the uppermost tree). The soil samples were air-dried
indoors and then sieved by 0.16 mm resolution griddle to wipe off
small rocks and plant roots. The total C and both instant (water
soluble) and total N, P, and K were measured following the soil
chemical analysis standard (Bao, 2005). The samples were used to
evaluate if there were differences in soil nutrients in and above the
treeline.
2.3. Spatiotemporal patterns in the distribution of individual treesThe ﬁne-scale location and age of individual trees were used
to identify the treeline position in the past. The number of trees
established at each decade was counted to examine the temporal
pattern of tree recruitment.
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Spatial point pattern analysis (SPPA) was conducted to examine
he relationships among individual trees (Camarero et al., 2005;
ingua et al., 2008; Ripley, 1977; Wang et al., 2012). Each pair of
rees is counted within a certain distance t, with t ranging from 0 to
5 m (which is half of the short side of the plots). Ripley’s K-function
escribes the cumulative frequency distribution of all tree-to-tree
istances:
(t) = n−2A
n∑
i=1,i /=  j
n∑
j=1, j /=  j
wijIt(uij)here, t is the radius of a circle centered on a tree, n is the total
umber of trees, A is the plot area, wij is a weighting factor to correct
or edge effects, and It is a counter variable which is set to 1 if the
able 1
haracteristics of the six treeline plots.
CNT 
CNT1 
Longitude E 95◦13.679′
Latitude N 31◦18.258′
Elevation (m)  4299 
Aspect NE 
Slope  36◦
Shrub coverage 50% 
Canopy coverage 30% 
Number of adult trees (height > 2 m)a 27 (5) 
Number of seedlings and saplings (height ≤2 m)a 68 (0) 
Number of stem disksb 13 (6)
Number of trees originated before 1900 in the upper 20 m of the plot 4 
Number of trees originated after 1900 above the plot 3 
a The value in the parenthesis is the number of trees or the number of seedlings and sa
b The value in the parenthesis is the number of saplings with stem discs taken both at gr
o  grow to breast height.ape views of the studied treelines (B and C) in the eastern Tibetan Plateau.
distance uij between trees i and j is ≤t, otherwise It = 0. Usually, K(t)
is presented as the linearized form, L-function (Besag, 1977):
L(t) =
√
K(t)

− t
If trees are randomly distributed in space, L(t) = 0 for all t; if
trees are clumped in space, L(t) > 0; if trees are regularly dispersed,
L(t) < 0. Monte Carlo permutations were used for the signiﬁcance
tests by calculating 95% conﬁdence intervals for complete spatial
random datasets. In order to avoid over-emphasizing seedlings and
saplings, we  analyzed the spatial distribution of the adult and young
trees (seedlings and saplings) separately.
The nursing effect of the adult trees on young trees was assessed
by performing the two-way SPPA (spatial association between
two groups) for each plot. A clumped pattern indicates a positive
DDT
CNT2 CNT3 DDT1 DDT2 DDT3
E 95◦13′36.4 E 95◦13′30.4 E 95◦23.092′ E 95◦23.134′ E 95◦23.104′
N 31◦18′17.9 N 31◦18′20.6 N 31◦11.311′ N 31◦11.409′ N 31◦11.361′
4319 4308 4472 4450 4463
NE NE NW W W
43◦ 30◦ 38◦ 37◦ 35◦
30% 55% 45% 55% 50%
50% 30% 20% 31% 29%
41 (6) 33 (5) 25 (4) 34 (4) 36 (6)
36 (0) 39 (1) 13 (2) 24 (2) 27 (9)
19 (9) 22 (7) 8 (3) 25 (1) 32 (8)
12 11 3 0 3
3 3 6 4 15
plings above the plot.
ound level and at breast height, used for estimating the years that the trees needed
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oig. 2. Spatial distributions of trees in the three plots (A, B and C) of the Chang Nian
hen  a tree originated. The altitude of the current treeline and the uppermost tree
ssociation (one-sided or mutual beneﬁt) between the adult and
oung trees, a regularly dispersed pattern indicates competition
etween the groups, and a random pattern indicates no signiﬁcant
elationships between the groups (Perry, 2004). The two-way SPPA
as conducted by using an Excel add-in program, SpPack (Perry,
004).
ig. 3. Spatial distributions of trees in the three plots of the Dang Dui Treeline (DDT), ea
riginated. The altitude of the current treeline and the suppermost tree are shown. The shline (CNT), eastern Tibetan Plateau. The size of the circles indicates the time period
own. The shaded area is the uppermost 20 m of the plot.
3. Results
3.1. Age of trees and treeline positionThe number of years that a tree required to reach breast height
was 25 ± 7 yrs and 27 ± 8 yrs (median ± STD, n = 22 and 12) in CNT
stern Tibetan Plateau. The size of the circles indicates the time period when a tree
aded area is the uppermost 20 m of the plot.
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Fig. 4. Treeline tree recruitment histories of the two treeline sites. The temperature
data are derived from the database Gridded Berkeley Earth Surface Temperature
Anomaly Field 1◦ over the region 95–97 E 30–32 N for the period 1816–2013. Tem-
perature data was reported as anomalies relative to the Jan 1951 to Dec 1980.
The winter half-year means December–May, and the summer half-year means
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recruitment at the treeline. However, the tree recruitment andune–September. Note that a prominent warming trend since the early half of the
9th century exists for both summer and winter half-years.
nd DDT, respectively. The true ages of the adult trees in the two
ites were thus obtained by adding 25 and 27 years to the age of
he core samples collected at breast height.
At CNT, the number of trees that had originated before 1900 and
ere located within the uppermost 20 m of the plots was 4, 12 and
1 in the three plots (shaded area in Fig. 2). The number of trees
hat originated after 1900 and were located above the plots was:
 (within the range of 60 m above the upper border of CNT1), 3
within the range of 80 m above CNT2) and 3 (within the range of
0 m above CNT3) (Table 1, Fig. 2). The number of trees that origi-
ated before 1900 indicates that the current treeline at plots CNT2
nd CNT3 was formed before 1900 and have not moved upward
ince then, but plot CNT1 had a treeline upward movement during
he 20th century.
At DDT, the trees were on average younger compared with those
t CNT. The number of trees that had originated before 1900 and
ere located within the uppermost 20 m of the plots was 3, 0 and
 in the three plots. The number of trees that originated after 1900
nd were located above the plots was 6 (within the range of 50 m
bove the upper border of DDT1), 4 (within the range of 30 m above
DT2) and 15 (14 within the range of 40 m above DDT3) (Fig. 3). It is
otable that two adult trees originated before 1900 above the tim-
erline despite that no trees of such age occurred in the uppermost
0 m of the DDT2. This pattern indicates that the current treeline at
DT was formed during the 20th century, and the plot DDT3 had a
ign of treeline upward movement.
.2. Tree recruitment
At CNT, tree recruitment was enhanced in two  intervals, i.e.,
uring periods 1890–1910s and 1950s-present (Fig. 4). Tree recruit-
ent during the period 1890–1910s was especially enhanced in
NT1, where 16% of the trees were established during this period
Fig. 2a). Tree recruitment slowed down during the 1920–1930s.
he recruitment was especially pronounced in the 1980s and 1990s,
ut it slightly slowed down in the 2000s in all the CNT plots (Fig. 4a).ors 66 (2016) 251–258 255
At DDT, tree recruitment within the plots followed a similar pat-
tern as in CNT, i.e., it was enhanced in two  intervals, 1900–1920s
and 1950–1990s. Tree recruitment slightly slowed down in the
1930–1940s and again in the 2000s (Fig. 4b). Tree recruitment
above the treeline is different among the plots. There was  no appar-
ent recruitment above plots DDT1 and DDT2, where only 6 and 4
trees were recruited after the 1900s. Above plot DDT3, however,
there were 15 trees recruited after the 1900s.
3.3. Spatial relationship among individual trees
Results of the spatial point pattern analysis (SPPA) showed that
adult trees were randomly distributed in plots CNT1, DDT2 and
DDT3, and clustered at short distance (<4 m)  in plots CNT2 and
DDT1 and at long distance (4 m to 13 m)  in plot CNT3 (Fig. 5a–f).
The seedlings and saplings were clustered at varying distances in all
three plots at CNT, and in DDT1 and DDT2, whereas they were ran-
domly distributed in DDT3 (Fig. 5g–l). The results of the two-way
SPPA showed that recruitment of seedlings and saplings were clus-
tered around the adult trees in all the six plots, despite a marginal
signiﬁcance in DDT3 (Fig. 5m–r).
The soil nutrient availability did not differ signiﬁcantly above
and below the timberline (Fig. 6). Especially, the phosphorus (P)
content of the soil was  low on all plots, while altitudinal difference
was not signiﬁcant.
4. Discussion
4.1. Treelines’ diverse response to climate warming
Both the observational records and temperature reconstructions
indicate a warming trend during the last century on the Tibetan
plateau, especially for the last three decades (Liu and Chen, 2000;
Rohde et al., 2013; Zhu et al., 2011). Smith ﬁr treeline on the south-
eastern Tibetan Plateau remained the same position for about two
centuries (Liang et al., 2011), whereas Qilian juniper treeline on
the northeastern Tibetan Plateau moved upward in the course of
climate warming (Gou et al., 2012). Our study of treeline response
to climate warming shows a diverse pattern, that is indicating a sta-
ble treeline during the last century in plots CNT2, CNT3, DDT1 and
DDT2, but advancing treeline positions in CNT1 and DDT3. Similar
dynamics of tree lines were also observed in other regions, such as
northern Quebec–Labrador (Payette, 2007) and the Scandes Moun-
tains (Dalen and Hofgaard, 2005; Hofgaard et al., 2009). This diverse
pattern of response suggests that the movement of treeline position
is not merely controlled by regional temperature, but also affected
by local factors. Nursing effect by adult trees may  be one of such
factors and will be discussed in the next section.
In addition to shifts in treeline positions, changes in tree recruit-
ments are another facet of treeline response to climate changes.
Increasing stand density were reported for treelines on the Tibetan
Plateau (Fang et al., 2009; Gou et al., 2012; Liang et al., 2011; Lv
and Zhang, 2012) and other regions of the northern hemisphere
(Camareno and Gutiérrez, 2004; Esper and Schweingruber, 2004).
In our study, episodic recruitment occurred during the 1900–1910s
and the 1950–1990s, and slowdown of recruitment occurred in the
1930–1940s at all treeline plots, suggesting that the regeneration
process was  possibly linked not only with climate warming but also
with disturbances. Liang et al. (2011) reported that on the south-
east Tibetan Plateau the winter-half year (previous September to
the following May) mean temperature was closely related to treeregional mean temperatures in winter-half year showed no clear
temporal pattern in this study (Fig. 4). The 1940s was a period
with frequent late frost events in the central and eastern Tibetan
256 L. Lyu et al. / Ecological Indicators 66 (2016) 251–258
Fig. 5. Spatial point pattern analysis of the adult trees (the left column, a–f), young trees (the middle column, g–l) and associations between the adult and young trees (the
right  column, m–r). t refers to the distance lag for the spatial point pattern index L(t) calculation. The broken lines indicate 95% conﬁdence interval.
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lateau (Tibet archive, 1990). The slowdown of regeneration in the
940s could be at least partly a result of increased spring frost
ccurrence (Shen et al., 2014; Tremblay et al., 2002; Vitasse et al.,
014). The episodic rather than gradual regeneration suggests, in
he course of climate warming, additional factors were in play
reating conditions favorable for seed germination and seedling
urvival (Holtmeier and Broll, 2007; Weigl and Knowles, 2014).
.2. “Nursing effect” in treeline dynamics
In this study, the spatial pattern of the seedlings and saplings
as characterized by a generally clustered distribution. The clusters
ere located close to adult trees, suggesting that the recruitment
f seedlings was positively associated with the adult trees. Thus,
e propose that adult trees have “a nursing effect” inﬂuencing the
pslope movement of the treelines. Existence of the “nursing effect”
as also reported in studies of treeline dynamics in the Pyrenees
Batllori et al., 2009), in the Snowy Range, Wyoming, USA (Germino
t al., 2002), as well as other regions (Akhalkatsi et al., 2006; Grau
t al., 2013; Hughes et al., 2009). Scarce availability of safe sites and
neven facilitation by tree islands controlled seedling recruitment
atterns within alpine treeline ecotones of these regions. Besides
dult trees, shrubs above treelines could also serve as shelters and
rovide nursing for tree seedlings (Akhalkatsi et al., 2006; Grau
t al., 2013). In our study sites, randomly distributed adult trees in
lots CNT1, DDT2 and DDT3 corresponded to active seedling estab-
ishment during the last century, suggesting the nursing effect in
lay. Above the current treeline, the number of adult trees was  very
imited except plot DDT3. Probably, individual trees far away from
ach other do not provide enough shelters for seedlings to establish
bove the treeline.
If the nursing effect is indeed a factor affecting treeline
ynamics, it implies that more attentions should be paid to the con-
ervation of adult trees in alpine treeline ecotones in the practice
f forest management. In fact, old growth trees are important in
any aspects such as maintaining a rich ﬂoral and faunal diversity
nd regulating microclimate (Broll and Keplin, 2005). Differences
n the spatial patterns of tree recruitments among treeline plots
uggest that heterogeneous habitat might be an intrinsic charac-
eristic of the studied treeline sites. Thus, it should be taken into
ccount in the policy-makings for forest management to maintain
he heterogeneity of stand habitats.
. Conclusions
Our results show diverse patterns of treeline dynamics on the
astern Tibetan Plateau in the face of accelerated climate warm-
ng in the last century. The episodic tree recruitment suggests a
ink possibly not only with climate warming but also with distur-
ances. Our ﬁndings support the hypothesis that adult trees have
 nursing effect for the establishment of young trees at treelines.
hen the present young trees above the treeline grow up and cre-
te more favorable microhabitats for tree recruitment, there will
e a potential for the treeline to expand upward.
Our ﬁndings suggest that, besides large-scale climate and site
onditions, ﬁne-scale disturbance history and “nursing effect” of
ld trees in forest recruitment are also important factors inﬂu-
ncing tree distribution particularly in treeline forests. Therefore
ncorporation of these factors in modeling treeline tree distribution
ogether with sensitivity and uncertainty analyses of the models
ill help better understanding the patterns in tree distribution and
heir driving factors (Zeng, 2010; Wu  and Cournède, 2014), and will
mprove our ability to predict response of forests to future climate
hange.ors 66 (2016) 251–258 257
In the sampling, we encountered the well-known methodologi-
cal problem associated with chronosequence studies (Harmon and
Sexton, 1996; Johnson et al., 1994; Tarasov and Birdsey, 2001).
Because the tree-ring samples were collected at one point in time,
trees that died and disappeared could not be sampled. We  assume
that tree mortality caused by climate and disturbances was equally
distributed among all age class (Liang et al., 2011; Wang et al.,
2006). We  believe that our results provide useful clues on treeline
dynamics in this previously undocumented region.
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